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In the preceding paper of this series the physiological analysis 
of embr^^onic development in certain species of hydrozoa was 
begun with a study of the physiological gradients and their 
changes during the usual course of development (Child, ’25). 
The present paper is a continuation of this analysis and is 
concerned with the modification of development resulting from 
the differential susceptibility to various agents of different levels 
of the polar gradient or gradients. 

Material and Method. 

Developmental stages of the leptomedusa, Phialidium gre- 
garium^ abundant in Puget Sound, constituted the chief experi¬ 
mental material. Since the medusene shed eggs or sperm more or 
less continuously early developmental stages are readily obtained 
by keeping the sexually mature medusie in large containers for a 
time and then collecting the embryonic stages from the bottom. 
Developmental material obtained in this way shows a certain 
range of stages, depending on the length of time the medusae are 
kept in the container, but by using large numbers of medusai 
sufficient material for one or more experimental series can usually 
be obtained within a few hours. With this procedure the stages 
range from newly fertilized eggs to more or less advanced clea\'age 
or early blastul?e and still greater uniformity can of counse be 
obtained by sorting the stages, but this is unnecessary for most 
purposes. A few experiments were performed with the early 
planuke of Gonothyrcca clarkii after their emergence from the 
gonophores. 

The experimental procedure consisted in the exposure of the 
developmental stages to concentrations of agents which had been 
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found by preliminar\^ experiment to inhibit development to a 
greater or less degree but not to be directly lethal. Agents and 
indicated concentrations used are as follows: KCX, '20000, 
m/25000, m/50000; HCl, pH 6.8 pH 7.2, pH 7.3, pH 7.4 + ; ^ 
LiCl, m/25, 7;H50, m 80, 160; ethyl urethane, m/25 yory 

dilute neutral red. All solutions were made up in sea water and 
the concentrations given are those indicated by amount of agent 
and \'olume of water used. I'or experiment finger bowls holding 
some 400 cc. were used. These could be brought under a bin¬ 
ocular or even under low p(jwer of a compound microscope 
without removal or disturbance of the developing material. 
When volatile agents were used bowls with an edge giving good 
contact with a glass phite were selected, being complcteK' filled 
with the solution and co\ered with the plate so as to exclude air. 
.'\tinos|)heric humidity being high, there was practically no loss 
of water under the^e conditions and certainly no a|)i)reciable loss 
of the agent since renewal was usually made daily. 

d'he variiitions in e\|)erimental procedure ma>* he grouped as 
follows: (u) continuous e.\p(Jsure to a certain concentration 
beginning with tlie earliest stages obtaimible; (b) temporary 
exi)Osure to a certain coiiccntrati«)n beginning with the earliest 
stages, billowed !)>• lower concentration or b\' return to sea wMter; 
(c) early development in sea waiter, exj^osure to agent beginning 
at later st«ige (blasiula, early iilanula). 

d'hc developmental stages of Phiulidium are so susceptible to 
change in condition that some degree of dexelopmental modifica- 
tirin fre(|uently occurs in sea water in the laboratory if conditions 
are not maintained near the optimum, h^or example, if the 
dcwelopmental stages remain too long in the container with large 
numbers of medus.e, dilTerential inhibition of development 
results, the modifications bring similar to those induced by other 
means. Ibuler these conditions there is a decrease in pH, 
resulting chielly from the CCb production of the medus.e. There 
may also be some accumulation of other metabolic products and 

^ At the time these experiments were performed it was believed that the increase 
in H-ion concentration w’as tlie chief inhibiting factor in the acid experiments, but 
in the light of the recent work of Smith and Clowes ('24) it appears probable that 
the increase in CO2 resulting from tlie addition of IICl to sea water is more important 
than the increase in Il-ion concentration. In my experiments no attempt was 
made to determine CO2 tension after addition of IICl. 
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some decrease in ox\^gen content. When development takes 
place in standing water several centimeters deep without renewal 
some degree of differential inhibition and modiffcation usually 
occurs at the bottom while attachment and development of 
hydranth'Stem axes proceed in the normal manner (Child, ’25) 
on the sides of the container near the surface. Here also there is 
some decrease in pH at the bottom. When development takes 
place in a layer of water only a few millimeters deep no such 
differences appear and development is wholly or almost wholly 
normal if the material is otherwise in good condition. Occasional 
cases of modification usually occur even in the best material kept 
as nearly as possible under optimum laboratory conditions. Such 
modifications doubtless result from factors affecting particular 
eggs or spermatozoa before development or from poor condition of 
certain individuals. 

Experiments with the medusa? as the inhibiting agents were 
performed by placing a number of the medusa? in small aquaria or 
bowls with the developmental stages and determining the pH 
colorimetricalh' from time to time.^ The modifications produced 
by crowding, standing water etc., are exactly similar in character 
to those produced by the various other agents used. Some forty 
years ago Metschnikoff ('86) described as variations similar 
modifications in the development of Mitrocoma, 

As will appear below, with the various agents and conditions 
used, developmental modifications result from the differential 
susceptibility of different body levels. All agents and conditions 
used inhibit development, the higher levels of the gradient being 
most inhibited. In the lower concentrations differential acclima¬ 
tion, or after return to sea water differential recovery may occur, 
the higher levels of the gradients acclimating or rcco\'ering more 
rapidly or more completely than the lower lex els, as indicated by 
increased developmental activity. 

^ The work of Smith and Clowes ('24) makes it probable that in these experi¬ 
ments, as in those with HCl (see footnote, p. 177) the chief inhibiting factor is the 
CO2 resulting from the respiration of the medusic, rather than the increase in 
Il-ion concentration brought about by the dissociation of carbonic acid formed 
from a part of the CO2. The fact that the decrease in pll is rapidly reversed on 
shaking the water with air indicates that C()2 production is responsible for it, but 
it is possible that other products of medusa metabolism may play some part in the 
inhibition of development. 
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DiFFEREXTIAL IxHIBITIOX IX THE Developmext of 
THE PlAXULA. 

It is important to note first of all that there is no evidence of 
any specific etTect on development of any agent used. The 
relations of the dilTereiitial modifications to the gradient are 
similar for all agents, though the degree of ditTerenlial action 
differs for dilTerent concentrations and for dilTerent agents, being 
greatest for LiCl. i.c., in LiCl the high end of a gradient is 
relati\'ch' more, liu* low end relatively less inhibited than with 
other agents usecl. d'he liigh degree of ditTerential acti<Mi of 
lithium salts has al'O been noted b\' MacArthur (’24) in the 
modification of echinoderm development. 

.Since the modilications produced by the dilTerent agents are 
.similar, detailed s(aiement'> of the results obtained with each 
agent would iiuoUe much rej)elltlon and are omitted for the 
.sake of bre\it\*. d'he NarioU'^ degree*^ ol modilication are brielK' 
descril)ed and tl.iia concerning their t)c'curren('e with dilTerent 
concent rat ion*- <ind agents arc gi\cn. 

7 he Lesser Decrees e/ Dijjen ntuil Inhibitiou. In concentrations 
somewhat abo\e iho^e used lor de\ elopnieittal modiliiMtion the 
clea\.u;c stage*' often si'parale into "ingle blaslomeres or collapse 
into irri‘giilar cell mas"c‘s which sooner or later die. but in the 
coni'enirations n*'ed for nnMlihealion of later stages, t'leawige 
procivds without appreciable cdteration. .'susceptibility is found 
to iiuTease during earU de\elopmc*nl and the lower susceptibility 
ol (Tea\age stages .is mmpared with later stages, together with 
the f.K't that more or less time is necessarw' for the inhibiting 
action to become e\ident, undoubtedly account for the .ibsenre 
of modification of cle.t\age with the concentrations used. 

h'igs. t. 2 .tnd a ure diagrammatic outlines of blastula, immigra¬ 
tion stage, and earl\ pi.inula as the\* aj^pear under good con¬ 
ditions in the l.ibor.iioiA', and represent approximately “ normal” 
dt.*\'eIopmeni. h'igs. 4 c) sliow the less extreme degrees of dif- 
fiTontial inhibition. 'Fhese modifications are in general more 
freiitient in material exposed to the lower concentrations from the 
beginning of development or to the higher concentrations from 
ad\'anced i'le.i\ .ige or earls blastula. They consist in dilTerent 
degrees of incre.ise and exteiisitm of the l)asal thickening of the 
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blastiila wall and of all degrees of reduction, even to complete 
obliteration, of the blastocoel by continued mass ingrowth of the 
thicker parts of the wall instead of, or in addition to immigration 




of single ceils. The thickened region is a solid cell mass, usually 
without distinct boundary between ectoderm and entoderm. 
Fig. 6 represents a condition observed thus far chiefly in Li('l in 
which the blastoca*! is completely obliterated by cells and basal 
emigration is occurring. 

In all these modified forms development is retarded and 
locomotion is much slower than normal. Many of these in- 
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hibitecl forms advance slowly in contact with the bottom, being 
unable to support themselves free in the water, others revohe 
with little or no advance and some show reversal in the direction 
of locomotion (Figs. 6, 8). In these reversal of the susceptibility 
gradient and the reduction gradient (Child, ’25) has also been 
observed. 

Tliese morlifications represent an extension of basal character¬ 
istics and l>ehavior toward the apical end, f.e., a change of the 
more apical levels to the condition and behavior of the basal 
levels. The least degree of such modification consists merely in 
an increase of the basal thickening, an extension of the region of 
immigration toward the apical end and an increase in number of 
immigrating cells fh'ig. 4). All gradations occur between this 
condition and forms in which almost the whole of the blastula 
wall is in\*ol\ed in immigr.ition and ingrowth (f igs. S, 9) and in 
sr)me cases the cells of the basal region become so altered that 
i1k‘\' emigrate instead (A immigrating (hig. 6). 

d'he dilferciitially inhibited plamila* which result from earlier 
stages like figures 4 9 are more or less elongated forms with 
excess of entoderm, often completel)' solid. Since they are 
usualh* not sufficiently acti\e to >w'im free, locomotion takes 
place in contact with the bottom, in most cases with apical end 
in advance, but in some re\ersed, as noted abo\'e. As ciliary 
acti\ it\ decreases these lar\ a‘ d(» not attach by the original apical 
end, but simply come to rest gradually w ith some meridi.m of the 
longitinlinal surface in contact and more or less flattening occurs 
along this meridian. In the absence of difTerential acclimation or 
reco\er\* de\elopment may go no further, or one or more stolon 
axes may develop slowl\'. In any case the body becomes 
enclosed in a delicate perisarcal secretion. 

The More Extreme Degrees of DijJercntial Inhibition .—These 
appear more freciuently in the higher concentrations or in 
material subjected to inhibiting action from the beginning of 
development. They constitute a continuous series with the 
forms alreach' described and are sej:)aratcd only for con\'enience. 
In material exposed to sufticientl)' high concentrations or degrees 
of action from the early cleavage stages, elongation of the blastula 
does not occur, the w hole wall remains thick and immigration and 
mass ingrow ill occur in all regions, resulting in a spherical solid 
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larva, usually without distinct boundary between ectoderm and 
entoderm. Idgure lo shows an early stage, Figs, ii and I 2 show 
later stages of these forms. 
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When exposure to inhibiting agents is begun only after the 
blasUila stage is attained, polar elongation, basal thickening and 
immigration may occur in the agent. In the higher concentra¬ 
tions, however, immigration or thickening of the blasliila wall 
gradually extends apically and may involve all regions of the 
wall, the blastoca‘l ma\' be obliterated and the elongation may 
disappear completely, the extreme modification short of death 
being sjdierical solid, api)arently completely a|:)olar forms 
indistinguishable from those described above (Figs, ii, 12). In 
these cases there is actual regression so far as visible axial dif¬ 
ferences, elongation and basal thickening are concerned. 

d'hese spherical solid larvtc, whether they arise from earlier 
stages before elongati(m occurs, or from later elongated stages In' 
regressive changes, are, so far as can be determined, aj:)olar. 
Susceptibilit)' gradient and reduction gradient are no longer 
j)resent. They have lost the capacity, for definitely directed 
locomotion and roll about on the bottom, being usually unable to 
support themselves free in the water. They show no definite 
attachment reaction, but gradually become (]uiescent and after 
mox'ement ceases adhere b\' some part of the surface and bi'comc 
more or less flattened (Fig. 13). If conditions do not jiermit 
acclimation or re(‘o\er\% no further de\'elopnient occurs, though 
(hey may li\'e for two weeks or more. In short, the physiological 
differences constituting polarit\’ ha\'e apparently been obliterateil 
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and the pattern is no longer axiate, but merely surface-interior 
(Child, ’24, pp. 57, 93). 

Difficrextial Acclimatiox axd Differextial Rixoverv. 

Under “normal” conditions the hlastiila develops into the 
elongated free-swimming planiila (Fig. 14), which shows at first 
an apico-basal gradient, but later develops at the basal end a 
second gradient opposite in direction to the first, as described in 
the preceding i)aper (Child, ’25). Later the planula attaches 
itself by the original apical end and the hydranth-slem ,i\is 
d(‘velo[)s from the original basal end, i.c., from the secondary 
gradient (Fig. 13). As pointed out in the preceding paper, the 
h\'dranth-stein <i\is represents a new polarity arising bv' a process 
of budding from the f*riginal ba^al end of the planula. 

In the lower concentration^ of agents which |)roduci* at first 
some degree of dilTerentia! inhibiti(»n without completely obliter¬ 
ating polarity, dilTerential ac’clim.ition ()r ticcjuirement of tolerance 
may gradiialK’ ocaair in the course of a few d.iys with further 
modification of de\elopnuau. Simil.irK* differential reco\ (T\' 
may occur on return to \\{M aerated sea water after tempr»rar\' 
exposure to concent rat ions which pniduce dilTerential inhibition. 
\\*ithin a certain r.mge diffiTential inhibiticni the regions most 
inhibited act'limate or ri‘co\ er mo'^t ixipidh’ or most completely, 
as is indicMteil !>> further dexelopment. Since differential 
ac climation and ditTerentitd n‘Co\ er\' arc* second.try changes 
whic'h take place following .1 differential inhibiting action, it is 
evident th.it ihc'X'cMii iiKnIifN only the later stages of dex elopment. 

'rile first indicMtion c>f dilTerential acc'limaticm or differential 
recowry in dilTerentialK inhibited [ilaiuil.i* which still retain 
some degree of polarity is the outgrowth of a stolon from one or 
both ends. Mg. 16, apical stolon, and I'ig. 17, .ijiical and basal 
stolons, as seen from above, show' characteristic forms. In the 
case of I'ig. 18 the I.ir\'a jirob.djly c.ime to rest with the body bent 
upon itself and gave rise to a stolon from each end, though it is 
possible that one or both cjf these stolons represent new' polarities. 
In these and later figures the hea\ \' line indicates perisarc, the 
light line the outer surface of the ctvnosarc. 

As I have pointed out in an earlier paper (Child, ’23), hydroid 
stolons represent somewhat inhibited physiological gradients or 
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reduced polarities and hydranth-stem axes can be easil}’ trans¬ 
formed into stolons by inhibiting factors. In these planiilae 
stolons instead of hydranth-stem axes develop because in the 
earlier stages of acclimation or recovery a considerable degree of 
inhibition is still present. The apical region of the stolon axis is 



sufficiently active in relation to other levels to grow at their 
expense, but for the development of a hydranth-stem axis a higher 
metabolic rate is evidently necessary than for a stolon axis. 

f'igure i6 represents a larva in which the second gradient at the 
basal end did not develop before inhibition occurred, or was 
obliterated by the inhibition, while the original gradient was not 
wholly obliterated. In Ing. 17 and probably in Fig. 18 both 
gradients have persisted through the inhibiting action and both 
dc\'cloi:) independently as stolons. 

I'he further history of these stolon outgrowths depends on the 
degree* of acclimation or rcco\'cr}'. When a certain degree of 
inhibition persists, c.g., vQvy commonh' in acclimation, in which 
the material remains exposed to the agent, the stolon tips 
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continue to grow at the expense of the more basal levels, which 
are gradually resorbed. Such growth may continue for weeks 
and extend over many centimeters, being ended only by exhaus¬ 
tion of nutritive material. It is discussed more fully in a later 
section. 

When the degree of acclimation or recovery is sucli that the 
gradients attain or approach their normal physiological condition, 
hydranth-stem structures develop. In differential acclimation 
and recovery this condition is usually attained only gradually, 
consefjuently the first outgrowths are almost iiu'ariably stolons 
and these transform later into lu'dranth-stem axes as in Fig. 19, 



or gi\*e rise 1 >\' budding to such axes as in Figs. 20 and 21. In 
these figures the animals arc \'iewed from the side, the original 
larval body and the stolons are in contact with the bottom and the 
ludranth-stem axes arc more or less erect. 

With the appearance of hydranth-stem axes the further growth 
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of the stolon is usually inhibited or retarded until the hydranth- 
stem axis attains sufficient length to permit some degree of 
physiological isolation of the stolon tip. Often the stolon serves 
as nutritive material for the developing hydranth and stem and 
may be completely resorbed. Fig. 19 shows a case in which such 
resorption is going on. The stolon, originally filling the perisarc, 
is much reduced and irregular in outline, while in the hydranth- 
stein axis the ccenosarc fills the perisarc. Moreover, the stolon 
cfcnosarc, particularly in the most reduced regions, is almost 
transparent, while that of the hydranth-stem axis appears more 
granular and denser. By means of inhibiting conditions these 
hydranth-stem axes may be again transformed into stolon axes or 
inhibited to such an extent that they serve as material for the 
growth of stolon axes and are resorbed. With the approach of 
exhaustion also, the hydranth-stem axes usually undergo resorp¬ 
tion, while the stolon axes persist and grow, at least for some days 
longer. 

The Appearance of New Polarities. 

As noted abo\'e, the spherical, apparently completely apolar 
forms undergo no further development unless some degree of 
acclimation or recovery occurs and then they apparently develop 
new polarities. Occasionally in cases of rapid recovery a 
hydranth-stem axis arises directly from the upper free surface of 
the flattened mass (I'ig. 22). In the absence of landmarks the 
possibility cannot be absolutely excluded that this outgrowth 
represents the hydranth-stem axis of normal development. On 
the other hand, oliservation indicates that the spherical forms 
may come to rest with any part of their surface in contact and that 
their polarity has been completely obliterated. If this is true, 
the hydranth-stem axis developing from the upper surface 
represents a new |X)larily determined by differential exposure of 
free surface and surface in contact, probably involving differences 
in intake of oxygen or the giving off of C'0> or both. 

Figure 23 shows in side view a case of simultaneous de\’elop- 
ment of two axes from a spherical apolar form. The axi^^ arising 
from the upper surface is a h\'dranth-stem axis, that from the 
side, <a stolon*axis. Since these axes de\'elop from a sjjherical, 
apparentU' apolar form, it seems probable that both represent 
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new polarities, the hydranth-stem axis being: determined as a 
gradient by the greater respiratory activit>* occurring on tlie 
upper free surface, the stolon axis by some local region of greater 
activit}' on the margin. 






I 'sualK', hn\\e\ er, .K'clim.ition nr reco\ er\ occur> ^n slowK* that 
the ()utgro\\ths which ari^e from the>e .s[)heri(\d lorm> are at first 
Stolons and onK' later transform into, or gi\e rise to lu’dranih- 
stem axes. In main* of these c.i'-es there ('an be no doubt that 
new gradients or axes origiinite since three and not infreciuently 
four stolons nuiy arise fmm a single individual (i'igs, 24-26, all 
viewed from abnve). These axes, or at least some of them, are 
evidenth' “ad\entilious,” /.c., they arc determined by slight 
local ciiance ditTerences among the cells, each stolon originating 
as a localized region in which the cellular activity is greater than 
in surrounding regions. 'Phis region begins to grow at the 
expense of other parts about it and as it grows the gradation in 
activity, which is at first about a center becomes an axial gradient 
as growth proceeds. Plach outgro^\ing stolon is such a gradient 
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with high end at the tip. In Fig. 24 the basipetal gradient of 
cytolysis in lethal concentrations is indicated in the three stolons. 

When acclimation or recovery proceeds far enough, the tips of 
such stolons sooner or later transform into hydranth-stem axes, 
like the stolon of Fig. 19, or hydranth-stem axes arise as adven¬ 
titious buds from their upper surfaces, as in Figs. 20 and 21. In 
this way an individual which has been made apolar through 
differential inhibition may develop during acclimation or recovery 
several new stolon axes and each of these may later give rise to 
several hydranth-stem axes. On the other hand, if acclimation 
or recovery is only partial each stolon may continue to grow 
indefinitely as a stolon until exhaustion occurs. 

The Growth and Separation of Stolons. 

The continued growth of stolons under slightly inhibiting 
conditions shows certain features of interest, some of which were 
briefly described in an earlier paper (Child, ’23) as observed in 
stolons arising from hydroid colonies in consequence of inhibiting 
conditions. The stolons arising from the inhibited developmental 
stages grow at the expense of other parts and in time the whole 
substance of the inhibited larva may be used in the growth of the 
stolon or stolons arising from it, leaving only the empty perisarc 
in the position of the larval body and an empty perjsarcal tube 
connecting this with the stolon. Fig. 27 shows a case in which an 
inhibited form gave rise to a single stolon, which finally used up 
the whole larval body in its growth. At the stage shown the tip 
of the stolon had reached a point several centimeters distant from 
its point of origin, only a small part of the perisarcal tube con¬ 
necting stolon and larval body being shown in the figure. After 
using the substance of the larval body, the stolon tip continues to 
grow at the expense of its more basal levels. The cells of the tip 
remain in good condition, while those of the basal end become 
shrunken and transparent and undergo atrophy. In this way 
the coenosarc of the stolon becomes shorter and shorter until only 
a small mass of tissue remains. 

Idgure 29 shows a case in which an inhibited form gave rise to 
two stolons near together. At the stage shown they have used 
the whole lar\'al body and then their own substance to such an 
extent that the}' are entirely separate from each other, except for 
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the pcrisarcal tubes, and each has branched. In the later history 
of this case the coenosarc of the larger lateral branch and that of 
the main stolon from which it arose became separated and each 
pursued its own course, the tip continuing to grow at the expense 
of more basal regions. The shorter lateral branch on the other 
main stolon is undergoing resorption at the stage figured and 
later was completely resorbed. Occasionally a growing stolon 
leaves a part of the larval body behind as in Fig. 2S. This 
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appareiuK* occurs when the stolon is not very active and the 
gradient is therefore short. Under such conditions the tip is 
apparently able to obtain nutrition only from regions within a 
short distance. The region in which atrophy occurs evidently 
represents approximately the limit of this distance. 

In the earlier stages of this process of growth during starvation 
the development of hydranth-stem axes from such stolons may be 
induced by providing optimal conditions, but in later stages this 
transformation occurs less frequently and with the approach of 
exhaustion, but before stolon growth ceases, all attempts to induce 
transformation have thus far failed. 

This continued growth of the stolon tip at the expense of the 
larval body and later of its own substance is an interesting case of 
a more active region maintaining itself at the expense of less 
active regions. Whether the atrophy of the less active regions 
represents primarily a more rapid autolysis or some other process, 
it is clearly evident that the most active region, the high end of 
the stolon gradient, succeeds in using the substance of all other 
Ie\els, not only for maintenance, but for growth. Such stolons 
ma\’ grow o\’er a distance of 10-15 centimeters before exhaustion 
occurs. Doubtless each stolon level li\'es at the expense of levels 
below it and sooner or later becomes a source of nutrition to levels 
abo^'e it in the gradient. This relation may mean simply that 
less acti\'e regions undergo autolysis more rapidly and that the 
more active regions are able because of their activity to use the 
products of autolvsis in maintenance and even in growth, 

A similar relation between different levels of the axial gradient 
appears in other cases of reduction by starvation. For example, 
in planarians and other forms undergoing reduction the propor¬ 
tions approach those of younger animals because the higher 
levels of the polar gradient, particularly the head region, maintain 
themseh'es to some extent at the expense of lower levels and so 
undergo reduction less rapidly than those. 

1 X PK k IM I-:XTAL R ICCO R DS. 

The uniformity of result makes it entirely unnecessary to give 
the records of all experiments in full. A lew characteristic 
records are gi\ en in Table I. as examples. Other records difier 
from these only as these differ from each other, /.c., in degree and 
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rate of differential inhibition, acclimation or recovery, according 
to tlie conditions of the experiment. The various forms, normal 
and modified, are indicated in Table I. by abbre\'iations as 
follows: 

B. Normal blastiila (Figs. 1, 2). 

IB. Differentially inhibited blastiila (Figs. 4-9). 

Ap. Spherical or llattened apolar form (Figs, ia-13). 

EP. ICarly planiila (Fig. 3). 

LP. Late plamila, elongated (Fig. 14). 

IP. DilferentialK* inhibited plamila, shorter, thicker than 
normal, with e\ce>> (jf entoderm. 

II. I lydranth-stem axis dcA eloping directh* from basal end of 
plamila attac'hed b\- apicxil end; "normal” Indroid 
de\el()pment (h'ig. 15). 

yil. I lydranth-.stem a\i‘> de\eloi)ing directh* from apolar form 
(lags. 22, 23). 

Stll. I lydranth-stem a\i-« de\eloping indirectly liy transforma¬ 
tion of, or budding fmm a siolon axis (h'igs. 19-21). 

St. .Stohm axis (Figs. lO is. >()). 

Dd. Dead. 

series of 'Pable 1. consisted of one hundred or more eggs or 
early embrx’os. All different forms obserxed were recorded at 
each examination .md maiix drawings were nuitle. In the table 
the relatixe frecjueiu'v of the (lilTerent forms is roughh* indicated 
by enclosing in parentlu‘st‘s the desigiuitioiis of those forms which 
were present only in relatixely small numbers (approxiniateh 20 
j)er cent, or less). 'File designations not so enclosed refiresent the 
characteristic' forms of the series at the time indicated. As 
indicated at \*<irious jxiinls in the tcd)le the solutions were 
sometimes diluted after inhibition had occured, particularly 
when the appear<im'e of the material indicated that dexelopment 
was not likeh' to proceed farther in the concentration originally 
used. Such dilution made acclimation possible or hastened it. 
'File series gix en are characteristic. Freejuent repetitions during 
the same and dilTerenl summers showed nothing essentially 
(lilTerent from the dat<i presented. 

Taking Series 4 1 . as an example, the Table show s that in IxCX, 

25.000 the forms after one dax* xx ere inhibited blastuke and 
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apolar forms with a few normal blasiuhe; after four days chiefly 
apolar forms with a few inhibited planiilcC: solution now 
diluted one third; after nine days chiefly outgrowing: stolon axes 
and apolar forms with a few >tolon axes giving rise to h\*dranths; 
after twel\ e da\ s chiert\' new h\ (lranth-stem axe> arising directly 
from [)re\’iously apolar forms and h\(lranth-stem axes arising 
from ^lolon axes, w iih a few stolon axes bearing no hydranths and 
a few apolar forms still remaining. 

ModimcAT ioN ()!• DixM.oLMLNr IN Gouotkyrcva. 

A few experiments with IK'l and KCN, exposure beginning 
with the CtirK* planuhi after emergence from the gonoi>liore, were 
snnV'ient to show that the modifications re>ulting from dif¬ 
ferential inhibition and from diflerential acclimation and rec()\er\' 
are the s,ime in (iofiotliyrcra a^ in Phinlidium. d'o decrease in pi I 
I lie snseeptibilitv of (/ofU^Z/iyrad i» less iluin that of Phialidium. 
I'or example. IK'I. j)li 7.4 has ver\ little inhibiting elTect on 
Gouothyrau, the jilanula* u-'Uall\ .itladling in the normal m.inner 
.ind gix’ing rise to In (Ir.mth-sirni .ixes w itliout stolon outgrow ths. 
Series 3 I. of d'able I. show-N that \\u'> Jill is sinmgly inhibitor)* 
for PJiialidiuni. h'or obliter.ition of pol.irit\* in Gouothyretn a 
('on<*eniration ol IK I gi\ iiig pi I 7 (>.8 was found to be necessarx* 
and ,is .i<*('limation oci urred, viohm axes de\ elojied .ind ex eii gax e 
rise to hxdr.aiilhs. As might be expected from these results 
crowding with the medusa* h.id little or no elTect on dexelopment 
within the range used for Phialidium. 

1 )lsl t ssloN. 

The dilTiTcntiallx inhibiting elTect i)f the agents on the blastul.i 
and earlx* planula st.iges is sutlicii'iith’ ex idem. In the norm.il 
bl.islula the region of bas.il thickening and of immigrafion 
represents the low eiul of the .apico-basal gradient (Child, ’25) 
and the elTect (tf the agents is to bring higher levels of the gradient 
into a condition in which thex* behaxe like the basal region. In 
the extreme cases (h'igs. 10 I2) in which polarity is app.irentlx 
obliter.iteil, the xx hole l 3 l.isiula wall, including ex en the apical 
pole, behaves like the basal region. Taking this behavior as a 
criterion, it .ippears to be true that the whole blastula is reduced 
to the |)hx*siological level of the basal region. Kx*idcntly .'^uch a 
13 
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change in condition is differential with respect to the axis; the 
apical region is most, the basal region least affected. When this 
reduction of all regions to the same physiological level is complete, 
the physiological gradient is obliterated and the fact that such 
forms show no indications of polarity until new gradients are 
determined in them is additional evidence for the conclusion that 
the gradient constitutes the polarity. 

The fact that the basal region usually shows growth and 
thickening far in excess of the normal may seem at first glance to 
conflict with the interpretation of these modifications in terms of 
differential inhibition, but, as a matter of fact such overgrowth is 
a consequence of the differential inhibition. The basal region is 
less inhibited than the apical, consequently it is more active 
relatively to the apical region in the inhibited than in the normal 
forms. This relatively greater activity enables it to obtain a 
larger proportion of the available nutritive substance and so to 
grow to a larger size, though more slowly than in normal develop¬ 
ment. Up to a certain degree the excess and extension of basal 
thickening increases witli the decrease in apical, as compared 
with basal activity. But with more extreme degrees of dif¬ 
ferential inhibition all levels become more and more alike and 
more basal as regards physiological condition and differences of 
growth and development disappear, as in the spherical apolar 
forms. The complete disappearance of these differences and the 
reduction of the larva to a spherical apolar condition are more 
likely to occur when the inhibiting factor has acted from the 
early stages of development and has obliterated the gradient 
before the differences in behavior of ectodermal and entodermal 
regions have been established. 

As pointed OLit above, actual reversal of the physiological 
gradient occurs in some cases, the reversal being indicated by 
reversal of orientation in locomotion and reversed susceptibility 
and reduction gradients. In siicli cases the differential inhibiting 
action of the agent is such that the original apical region is 
reduced to a lower level of activity than the original basal region. 
Since such reversal occurs only after basal thickening lias begun, 
it may result in a great increase of that thickening. The cases of 
emigration of cells from the basal region (Fig. 6) suggest that the 
polarity of these cells, i.c., the differences between the exterior 
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and the interior pole, have also undergone reversal, so that instead 
of immigrating into the blastoccel the cells emigrate. 

It may he noted in passing that the less extreme degrees of 
ditTerential inhibition (Figs. 5-9) show interesting resemblances 
to the exogastruhe and related forms such as solid blastuhe of the 
echinoderms, which aFo result from ditTerential inhibition 
(M acArthur, ’24). In both the hydrozoan and echinoderm 
mnrlifications the entoderm and in echinoderms the mes- 
enchyme—is greatly increased at the expense of ectoderm, 
because the lower le\'els of the gradient are normalh' less aclixe 
and therefore less susceptible and less inhibited th.m the higher 
le\els. Actual rexersal f)f the susceptibility gradient may also 
occur in both luclro/oan and echinoderm. The cases of emigra¬ 
tion of cells (I'ig. ()) correspond most closely to the exogastruhe. 

SjX'k (’18) lias maint.lined that gastrulation is due to difference 
in the degree of swelling of internal and external jiarts of the cells 
concerned and that lithium ‘^tdtsand some other agents determine 
exogasirulation b\ re\ersing the^e dilTerences. W hether or not 
this interpretation be correct, the dilTerentia! action of the agents 
shows I'le.irU* tlu* same relation to the gnidieiit in both hydrozoan 
and eiTiinoderni. 

'That the inhibition, e\en though it does not obliterate polarity, 
interferes with the usual seijuence of events in Liter stages is 
shown by the f.ict that when acclimation or recoverx* occurs, the 
outgrow th iiKU be a[)ic*il (I'ig. lO) or both apical and basal (hig. 
17), that is, the stolon may arise from the j^rimary gradient or 
from both primarv and secondarx gradient and jirobabh’ also 
from the secondarx’ alone (I ig. 19). 'These dilTerences un- 
doubtedlx* depend on dilTerences in stage of development at time 
of exposure and on degree of inhibition. 'The development of 
both a|)ical and basal stolons indicates that under the inhibiting 
conditions the two ends have become indejiendent of each other. 

'The conditi(ms determining the “adventitious” iiolarities in 
the acclimation and recox'eiy of apolar forms (I'igs. 24-26) are 
obviously accidental for no tw’o indix iduals are alike as regards 
localization and time of apipearance of the dilTerent axes. pA'i- 
dcntly these axes originate as local areas of slightly greater 
actix'itx* in some region or regions of the nuiss. Some of them 
max* represent jx'rsisting traces of the original polarity or 
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polarities, but some of them are certainly, and all of them may be 
new axes. The fact is of interest that in such forms adventitious 
stolon-axes ma\' arise from any part of the free surface, but the 
direct origin of a hydranth-stem axis has Ijeen observed only 
from the most exposed portion farthest from the surface in 
contact (Figs. 22, 23). 

The fact that the stolon axes usually appear first in acclimation 
and recovery and only later transform into, or give rise by 
budding to hydranth-stem axes confirms the conclusion of an 
earlier paper (Child, ’23). In that paper it was shown that apical 
regions of various Inxlroid colonies can l)e transformed into 
stolon axes b}^ slight degrees of inhibition or depression and that 
the stolons can again give rise to hydranth-stem axes witli 
acclimation to, or recovery from the action of the agent. Such 
apical transformations do not represent re\’ersals of polarity, but 
rather simply a depression of the gradient to a lower j^hysiological 
level. In Lund’s experiments on Obelia with electric current 
(Lund, ’21) the position of the piece with respect to the electrodes 
merely determines whether the gradient arising at a gi\Tn end 
shall be more or less inhibited and develop as a stolon or whether 
it shall attain the higher physiological levels characteristic of the 
hydranth-stem axis. Since axes, either stolon or hydranth-stem, 
very commonly arise from both ends of pieces without action of 
the electric current, it is evident that the current is not necessary 
for the determination of these polarities, even though it does 
determine their character as stolon or hydranth-stem axes and 
may, when acting, assist in determining the gradient at one end 
or the other of the piece. In any case the effects of tlie current 
are in no way specific as regards determination of the two sorts of 
axes, for, as I ha\'e shown, essentially the same results can be 
obtained with various chemical and physical agents in both 
hydroid coh)nies and developmental stages. Apparenth’ all that 
is necessar>^ to transform a hydranth-stem gradient into a stolon- 
gradient is a slight degree of inhil)ition, and the ren'erse transfor¬ 
mation is accomplished by en\’ironmental changes in the re\ erse 
direction. In Lund’s experiments with Obelia the anode ap¬ 
parently acts to some extent as an accelerating, the cathode as an 
inhibiting agent. 

Physiologicall>' tlie stolon does not represent simply the basal 
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end of the hydranth-steni axis, but is itself an axis, a g^radient, as 
has l:>cen demonstrated in various ways. Like new Indraiuli- 
stem axes, it originates from a bud and the high end of its gradient 
constitutes a growing tip instead of a hydranth. At the stolon 
tip s\ nihesis of protoplasm, growth and cell division apparenlh' 
keep pace with each other a> in the growing tip of a plant, so that 
differentiation does not occur, but when the tip is raised to a 
higher physiological level by change in external conditions it 
loses the cajxicity for unlimited growth and dilTerentiates sooner 
or later into a h\'dranth. 

'flu* demonstration tliat the stolon a somewhat inhibited axi*^ 
or gradient throws liglu f)n man\- (Jtherwi^e jnizzling features of 
the behavior of isolated pieces of Inalroids and hv'droid colonies. 
The stolcni gnidient ma\’ be inhibited, either by external con¬ 
ditions or by its nearm*ss to a dominant hx'dranth region (C'hild, 
’1^-, pp. <)i J). ('on^eciiieniK' a stolon tixis ma\ arise at a can 

surface wliich is near \igoroU'> ludranth regions and it m<i\' also 
arise under conditions which prevent fcjrmation or maintenanc'e 
i){ hvdranths. Pieces in cic*ej) standing water iiniy produce 
stolons, iho'^e in sliallov\, or frec|nently chtingc'cl water hydranlh- 
slem axe-'-. Piecc-s imiv' produce lirst stcjlons, then hydranlh- 
steni axes or viic versa, with slight differences in conditions of 
cult lire. 

Three c'onchision'^ ba^c'd on tlie evidence presented in this and 
cxarliei* papers of this serie*^ iind on tlie work of lAind and others 
are important in this connection: lirst, tlie stohjn as well tis the 
liydranth-stem rejiresents an axis, a poi.iritv', a gradient; second, 
the stolon gradient repre-'C-nts primarilv lower levels of fihysio- 
logiCid activitv- tlian the hydranth-stem gradient and reversible 
iransfonnalion in eithc*r direction is possible and does not 
necessarilv' involve* reversal of polarilv : third, hvclranth-stem or 
stolon axis imiv be determined according to conditions by the 
ciuantiiativ e differential or local action of environmental factors 
independenth* of their specific c'onstitiition. Hiese conclusions 
alTord a physiological basis for the interpretation of data at iiand 
and for further investigation and control of pularitv'. 
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Summary. 

1. Differenlial inhibition of planula development can be 
brought about in the hyclrozoan, PhiaJidium gregariinn, by 
KCX, LiCl, ethyl urethane HCl (probably CO2) and by the 
presence of the medusa" (CO2). Resulting modifications range 
from slight increase and extension of basal thickening of blastula 
wall followed by development of slightly modified planula? to 
spherical, solid, apparently apolar forms. In these immigration 
and mass ingrowth are increased and take place from all parts 
of the wall, and further development occurs only if a new polarity 
arises. 

2. In differential acclimation in low concentrations of inhibiting 
agents and differential recovery after return to water further 
development of persisting axes may occur or new polarities may 
arise through differential exposure of the surfaces of apolar 
forms or through “adventitious” localization of regions of 
greater activity. In rapid acclimation or recovery such axes may 
develop directly as hydranth-stem axes, Imt usually they are at 
first still more or less inhibited and dex'elop as stolons and their 
tips transform later into hydranth-stem axes, or such axes arise by 
budding from their free surfaces. 

3. The stolon represents a polarity, a gradient, at a lower level 
of physiological activity than the hydranth-stem axis. Transfor¬ 
mation of hydranth-stem into stolon results from inhibition, of 
stolon into hydranth-stem from acceleration; neither involves 
necessarily a reversal of polarity. 
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